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ABSTRACT 

       In Olympic-style precision pistol shooting, shooters 

operate the pistol from an unsupported standing position, 

firing the pistol with one hand. The fundamental skills 

developed in pistol marksmanship seeks to optimize 
stability and consistency by embracing the physical factors 

that affect performance.5 The purpose of this investigation 

is to quantify the effect of a shooter’s stance angle on hold 
stability. This experiment was performed with one 

collegiate level, competitive precision pistol shooter using 

a 10 meter air pistol course of fire. Using the Noptel 
Optoelectronic Training System and NOS4 training 

software, the deviation in x and y axes from the center of 

hold was measured and recorded at 5 different stance 

angles, 0˚, 30˚, 45˚, 60˚, and 90˚. The results of the 
investigation indicate that the optimal stance angle for 

maximizing stability is 45˚, with a radial deviation 

17.78mm ± 0.4mm from the center of hold with a 95% 
confidence interval. 

 

INTRODUCTION 

       Competitive collegiate pistol shooters at the national 

level are capable of maintaining a shot grouping the size of 
a quarter (24.26mm in diameter) for 10-Metre Air Pistol. 

At the Olympic levels of competitive shooting, shooters 

work to optimize performance to where even seemingly 
negligible elements of error become significant. Shooters 

are recommended to test their air pistols with different 

batches of air pellets in order to establish a match pellet 

that will provide the most consistent 10 ring performance 
for their particular air pistol.3 Competitive pistol shooting 

performance is dependent on optimizing stability and 

consistency. However, due to the competitive nature of 
pistol shooting and subjectivity of many human-dependent 

factors, little conclusive, quantitative data exists on the 

various factors that affect a shooter’s aim stability. 
Because of its vital role in providing stability, the shooter 

stance position is one of the most important elements of 

pistol marksmanship.4  

       In this experiment, the stability of a shooter’s aim is 
measured using an air pistol attached with an 

optoelectronic training system. The stability is measured 

for 20 shots at each stance angle for 0˚, 30˚, 45˚, 60˚, and 
90˚, as measured from the frontal plane of the shooter with 

respect to the firing line. Because a shooter’s score 

performance is due to factors other than hold stability, this 
investigation will not be looking at the shot scores. 

Stability is defined instead by the measurement of the 

pistol’s deviation from center of aim during the duration of 

the firing process. This investigation on stability is 
performed in the context of 10-metre air pistol. Section 2 

will introduce the distinctions of Olympic-style precision 

shooting by providing context and a basic discussion of 
pistol marksmanship. Section 3 will discuss the details of 

the experimental setup and the method by which hold 

stability data was gathered and analyzed. The results of the 
investigation and their implications are discussed in 

Sections 4 and 5 respectively.  
 

OLYMPIC STYLE PISTOL SHOOTING AND HOLD 
STABILITY 

BASICS OF PISTOL MARKSMANSHIP  

       In Olympic-style precision pistol shooting, all events 

require shooters to operate the gun from an unsupported 
standing position, aiming and firing the pistol with one 

hand. The high precision competition pistols used in these 

events offer a multitude of features that allow individual 

shooters to adjust gun grips, sight alignment, pistol 
weight/balance, trigger weight, and other factors to their 

preference. This customizability allows for each shooter to 

adjust the performance of various aspects of the pistol to 
complement their shot process. It is important to note that 

in this discipline of marksmanship, it can be assumed that 

accuracy is achieved by optimizing precision; shot 
accuracy can be attained by adjusting pistol sight 

alignments to calibrate for aiming biases in individual 

shooters. Accuracy also assumes that factors such as the 

inherent inaccuracies in the pistol and ammunition are 
negligible.5  
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       While each individual shooter has a slightly different 

shot process, the basic process consists of getting into and 
verifying stance position, establishing a comfortable and 

consistent grip, mental preparation, and aiming and firing 

the pistol. During the aiming and firing process, a shooter 

brings the pistol up to the target, aligning the front and back 
sights as desired. The shooter attempts to maintain the 

sight alignment as the hold stabilizes. The shooter 

gradually pulls the trigger, attempting to maintain the 
position of the pistol on the target. The optimal aiming and 

firing process takes anywhere between 5 to 10 seconds, 

during which the aim is starting to settle on the target, but 
the hold is not yet starting to become unstable due to 

muscle fatigue. Shooters often abort and restart shot 

process before taking the shot, if it is believed that 

conditions in any of the steps are not optimal.5 

       The fundamental skills developed in pistol 

marksmanship seeks to refine shooting techniques to better 

embrace physiological factors that affect performance. 
These physical factors include breath control, trigger pull, 

mental focus, stance, position, sight focus, and grip.5 

However, the majority of aim instability, the focus of this 
investigation, can be attributed to the pistol movement 

resulting from muscle action required to maintain a 

shooter’s body and arm position.4 An investigation 

performed by the Biomechanics Unit at Victoria 
University, Australia sought to examine the relationship 

between body sway, aim fluctuation, and score 

performance on an inter-individual and intra-individual 
basis for elite shooters. The study concluded that 

performance errors due to these two factors are individual 

specific, but inter-individual analysis indicated that aim 

fluctuation was related to score performance.1 

SHOOTER’S STANCE POSITION AND STABILITY 

       A shooter must have a stable and comfortable position 

from which to aim in fire, in order to ensure a stable hold 

and consistent performance over the course of a match 
competition. The stance position must avoid any 

unnecessary muscle tension that may result in fatigue or 

discomfort and allow the shooter to remain in the same 
stance for extended periods of time; a typical 10-Metre Air 

Pistol Match is 105 minutes. An effective stance also 

provides a basic direction for the shooter’s aim and should 
complement the shooter’s natural aim direction. Beginner 

pistol shooters are taught to begin training with a stance 

angle between 40˚ and 50˚. It is believe that this stance 

angle provides the best combination of body stability in the 
lateral and frontal planes while maintaining the chest and 

back muscles in neither tension nor compression.5 

However, it is observed that even with these elementary 

guidelines, it is common for proficient shooters to 

experiment with different stance angles, eventually 
adopting a wide range of stance positions that are between 

parallel to the firing 0˚ and perpendicular to the firing line 

90˚. 

       Research done in collaboration with the Australian 
Institute of Sport investigated biomechanical factors that 

most influenced elite air pistol shooting and concluded that 

postural stability and aim fluctuation are the first and 
second most influential factors on score performance, 

respectively.4 Another study published in 2013 in the 

European Journal of Sport Science measuring the effects 
of stance angle on postural stability and performance of 

eight national-standard air pistol shooters found that the 

best overall score performance is achieved at a stance angle 

of 15˚. The study indicates that contrary to conventional 
wisdom, there is not a significant postural stability 

difference among difference stance angles, as measured by 

the change in center of pressure. However, the 
measurements for shot performance as defined by score 

and percentage of hold in the 10-ring showed that there is 

a significant stance angle affect.6 

OVERVIEW OF 10-METER AIR PISTOL 

       The 10-Metre Air Pistol event is an Olympic shooting 

event with rules and relevant standards governed by the 

International Shooting Sport Federation (ISSF). This 

particular shooting event is shot with 4.5mm caliber air 
pistol at a distance 10 meters using lead pellets. Shooters 

must shoot from a standing, unsupported position with the 

pistol being held and operated in one hand. While a 
standard match consists of 60 shots in the time span of 105 

minutes, shooters are allowed to shoot at a self-defined 

pace. The investigation on aim stability was performed on 
a male, collegiate-level shooter shooting air pistol under 

match conditions.  

       The shooting and scoring is performed on a standard 

10 meter air target, shown in Figure 1.  
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Figure 1: The standard 10 meter air target used in this 

experiment is shown. The target is a minimum of 170mm 
x 170mm with 11 concentric rings defining the 

boundaries for the possible point values from 0 to 10 

points. The reflective tape is not part of the standard 

targets and are a component of the experimental setup. 

The target is consisted of 11 concentric circles, with the 

second inner most ring defining the outer boundary for the 
maximum of 10 points. This ring has a diameter of 11.5 

diameters. The black zone contains scoring rings for 7 

points and up and is measured to be 59.5mm. The outer 
most scoring 1 ring is 155.5mm in diameter. In order to 

score the specified point value, a pellet must break the 

respective outer scoring ring. A shot registered outside of 
the 1 ring or off the target is counted to be 0 points. Targets 

are held on carriers at 10 meters down range and at a height 

of 1400mm.7 In this experiment, the actual point value of 

the shots are irrelevant since the desired data is aim 
stability, not score performance. 
 

INSTRUMENTATION SETUP FOR STABILITY 
MEASUREMENTS 

NOPTEL OPTOELECTRONIC TRAINING SYSTEM 

       The Noptel Sport II is an optoelectronic shooter 

training system used to simulate various shooting 

disciplines while providing data about the shooter’s shot 

process, hold, and score performance. The system utilizes 
an optical transmitter and optical receiver that attaches to 

the air pistol in the compact form of a housed optical unit. 

The system requires the attachment of four reflectors onto 
the target as shown in Figure 1. The NOS4 training 

software that interfaces with the system utilizes the 

received optical signal to return data on the location the 
pistol’s aim on the target. The assembly of the Noptel Sport 

II optical unit and air pistol is shown in Figure 2. While the 

weight of the optical unit is only 96 grams, it is attached as 

close to the wrist as possible without obstructing the grip 
and trigger pull in order to minimize the difference in 

weight of the air pistol as experienced by the arm and wrist. 

       During the initial setup, the NOS4 training software is 

used to calibrate and set the zero of the training system at 
the center of the physical target. The software takes the 

first 5 shots and assumes that the center of the shot group 

is the origin of the coordinate system. In order to ensure an 
accurately zeroed coordinate system, the 5 calibration 

shots are taken at the shooter’s optimal stance angle. 

       The air pistol used in this experiment is a Steyr LP 10, 
a single-shot 4.5mm caliber air pistol that utilizes 

compressed air to shoot lead pellets. The grip, sight 

alignment, and trigger have all been adjusted and 

optimized for the shooter in this experiment. Since the 
experiment is performed under match conditions, the size, 

weight, and trigger weight of the air pistol meet the ISSF 

regulations for 10-Metre Air Pistol. Because the training 
system is able to sense the trigger pull and simulate fired 

shots, no pellets were fired throughout the course of this 

experiment. The air pistol is cocked and operated only in 
training-fire mode.  

  

 
Figure 2: The air pistol (Steyr LP-10) is shown on the 

bench with the attached Noptel Sport II optical unit which 
houses the optical transmitter and receiver. The system is 

connected to a laptop where the stability data is collected 

and recorded by the NOS4 training software. 
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Figure 3: The test setup is shown in this diagram. The 

optical unit houses the transmitter and receiver. The 

transmitted light beam is reflected by the reflectors on the 

target 10m downrange. The signal is received, 

interpreted, and the pistol location is displayed onto the 

laptop connected to the optical unit. 

STANCE ANGLES AND SHOOTING PROCEDURE 

       The stance angle is defined as the angle between the 
frontal plane of the shooter’s body and the firing line. The 

stance angles for which aim stability is measured are at 0˚, 

30˚, 45˚, 60˚, and 90˚. The shooter stance angles are shown 
in Figure 4. The shooter is required to stand on the line that 

defines the stance angle with feet approximately shoulder-

width apart. The shooter has the freedom to move along 

the line in order to obtain the most natural, optimal stance 
position as long as the firing line is not crossed. 

 

 
Figure 4: The angles at which stability data is gathered 

can be seen in relation to the red firing line. The shooter 

stands on the line for the specified stance angle with feet 
approximately shoulder-width apart. In this picture, the 

shooter is seen standing at the 90˚ stance angle. 

       In order to study the effects of stance angle on hold 

stability, 4 series of 5 shots for a total of 20 shots were 
taken at each of the specified angles. In order to minimize 

the effect of muscle fatigue on any particular data set, the 

angle was changed in sequence between each series of 5 

shots. To further minimize the effects of muscle fatigue, 
the shooter was required to take a 1 minute rest period 

between each series. The shooter was asked to maintain all 

aspects of his preferred shot process, besides stance angle, 
and was encouraged to take only optimal shots, treating the 

experiment just like any competitive event. 

 

 
Figure 5: The shooter is shown taking a shot at a 0˚ 

stance angle. 

RECORDING AND ANALYZING AIM STABILITY 

       The pistol position on the target was measured for the 

duration between 4 seconds before and 0.25 seconds after 

the trigger was pulled. During the 4.25-second interval, the 
projected position of the front of the air pistol, with relation 

to the calibrated origin of the target was recorded every 

0.015 seconds. This time interval is estimated to be a fair 
representation of the shooter’s hold stability; it omits the 

data as the pistol is coming up and settling onto the target 

and includes the follow-through just after the shot. As 

discussed in Section 2, the recommended optimal aiming 
process duration is between 7 and 10 seconds. The data for 

the recorded time interval assumes that the shooter does 

not begin to settle into their aiming hold until 
approximately 3 to 5 seconds into their aiming process. 

       In evaluating the aim stability, the absolute position of 

the pistol on the target is irrelevant. The desired data to 
obtain stability is the deviation from the center of the 

shooter’s aiming hold. The center of aim is calculated by 

taking the average position of the pistol on the target for 

each series and measuring the deviation from this average 
position in the x-axis and y-axis during hold. The x-axis is 

defined as the horizontal on the target and y-axis the 

vertical. This deviation is taken for every data point, for 
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each shot with respect to the series average position. The 

deviation of each data point is then compiled for each 
stance angle. From the deviation in x and y calculated, an 

average radius from center of hold can be calculated. This 

deviation represents the amount of aim fluctuation from 

center of aim that occurs during the duration of the shot 
process. 

 

RESULTS AND DISCUSSION 

       The results suggest that the 45˚ stance angle is optimal 

for hold stability with a mean radial deviation from the 

center of hold of 17.78𝑚𝑚 ±  0.4𝑚𝑚. The mean radial 

deviation at 0˚ was 23.05𝑚𝑚 ±  0.5𝑚𝑚, 30˚ was 

25.39𝑚𝑚 ± 0.6𝑚𝑚 , 60˚ was 19.85𝑚𝑚 ± 0.4𝑚𝑚 , and 

90˚ was 21.07𝑚𝑚 ±  0.5𝑚𝑚. All deviation values were 
calculated with uncertainty using the t-approach statistics 

for a 95% confidence interval. Table 1 shows the average 

deviation in x and y as well as the calculated average radial 
deviation from center of aim for each stance angle. 

       The 45˚ stance angle has the lowest radial deviation 
from center of hold and therefore highest stability with a 

95% confidence interval. There is no apparent pattern in 

the x or y deviations across the different stance angles. 

From conventional pistol marksmanship wisdom, it is 
expected that at 0˚, the x-deviation would be minimized 

and the y-deviation maximized due to the inherent 

instability of the body in the frontal plane. The expected 
increase in x deviation as the stance angle increased due to 

the increased instability in the body’s frontal plane is not 

seen in the results of this investigation. It is possible that 
despite efforts to minimize the effect of muscle fatigue, 

over the course of the 100 experimental shots, muscle 

fatigue corrupted the data. It is also possible that this 

experimental design does not isolate the effects of human 
factors such as muscle memory, and the aim stability at 45˚ 

is a result of the shooter’s preferred stance angle being 

approximately at 45˚. 

 

 

 

 

 

 

 

 

 

 

 

Table 1: The mean radial, x-direction, and y-direction 

deviations with their respective standard deviations are 

shown for all angles. 

 Direction Mean (mm) 
Standard 
Deviation 

(mm) 

0° 

ΔX −1.43 ∗ 10−9 ± 0.51 19.14 

ΔY −3.15 ∗ 10−10 ± 0.51 19.01 

ΔR 23.05 ± 0.5 - 

30° 

ΔX −8.08 ∗ 10−10 ± 0.61 22.96 

ΔY −1.05 ∗ 10−9 ± 0.58 21.55 

ΔR 25.39 ± 0.6 - 

45° 

ΔX −4.94 ∗ 10−10 ± 0.37 13.59 

ΔY −2.94 ∗ 10−10 ± 0.42 15.72 

ΔR 17.78 ± 0.4 - 

60° 

ΔX −1.64 ∗ 10−9 ± 0.40 14.73 

ΔY −7.45 ∗ 10−10 ± 0.52 19.21 

ΔR 19.85 ± 0.4 - 

90° 

ΔX −5.64 ∗ 10−10 ± 0.46 16.77 

ΔY −1.28 ∗ 10−9 ± 0.51 18.53 

ΔR 21.07 ± 0.5 - 
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       Figures 6 through 10 show the probability density 

functions for all the x and y deviations for each stance 
angle. Again, there is no trend deviations for either axis 

with increasing stance angles. Figure 11 compares all the 

average radial deviations from center of hold; it is apparent 
that the data spread at 45˚ is significantly less. It is also 

important to note that 45˚ is the only stance angle at which 

the peaks of the two probability density functions coincide. 

This indicates that the bias in deviation is approximately 
the same in magnitude and direction for both axes. All 

other angles have an instability bias that is right and bottom 

of aim center. 

 

 
Figure 6: The chart shows the frequency histogram for 

x-deviations and y-deviations at a 0˚ stance angle. The 

mean x-deviation is −1.43 ∗ 10−9𝑚𝑚 ± 0.51𝑚𝑚 with 

a standard deviation of 19.14 𝑚𝑚. The mean y-deviation 

is −3.15 ∗ 10−10𝑚𝑚 ± 0.51𝑚𝑚 with a standard 

deviation of 19.00 𝑚𝑚. The separate peaks indicate that 

the instability in aim tended towards the right and down 

of aim center. 

 
Figure 7: The chart shows the frequency histogram for 
x-deviations and y-deviations at a 30˚ stance angle. The 

mean x-deviation is −8.08 ∗ 10−10𝑚𝑚 ± 0.61𝑚𝑚 with 

a standard deviation of 22.96 𝑚𝑚. The mean y-deviation 

is −1.05 ∗ 10−9𝑚𝑚 ± 0.58𝑚𝑚 with a standard 

deviation of 21.55 𝑚𝑚. The separate peaks indicate that 

the instability in aim tended towards the right and down 

of aim center. 

 

 
Figure 8: The chart shows the frequency histogram for 

x-deviations and y-deviations at a 45˚ stance angle. The 

mean x-deviation is −4.94 ∗ 10−10𝑚𝑚 ± 0.37𝑚𝑚 with 

a standard deviation of 13.59 𝑚𝑚. The mean y-deviation 

is −2.94 ∗ 10−10𝑚𝑚 ± 0.42𝑚𝑚 with a standard 

deviation of 15.72 𝑚𝑚. The coinciding peaks indicate 

that the aim instability tended to the left and bottom of 

aim center in equal magnitude. 
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Figure 9: The chart shows the frequency histogram for 

x-deviations and y-deviations at a 60˚ stance angle. The 

mean x-deviation is −1.64 ∗ 10−9𝑚𝑚 ± 0.40𝑚𝑚 with 

a standard deviation of 14.73 𝑚𝑚. The mean y-deviation 

is −7.45 ∗ 10−10𝑚𝑚 ± 0.52𝑚𝑚 with a standard 

deviation of 19.21 𝑚𝑚. The separate peaks indicate that 

the instability in aim tended towards the right and down 

of aim center. 

 

 
Figure 10: The chart shows the frequency histogram for 
x-deviations and y-deviations at a 60˚ stance angle. The 

mean x-deviation is −5.64 ∗ 10−10𝑚𝑚 ± 0.46𝑚𝑚 with 

a standard deviation of 16.77 𝑚𝑚. The mean y-deviation 

is −1.28 ∗ 10−9𝑚𝑚 ± 0.51𝑚𝑚 with a standard 

deviation of 18.53 𝑚𝑚. The separate peaks indicate that 

the instability in aim tended slightly down of aim center. 

 
Figure 11: The radial deviation from aim center, as 

calculated from the average x-deviation and average y-

deviation, is shown with respective error bars. As 

previously discussed, the aim at 45˚ has a significantly 

lower radial deviation than that of the other angles. 

 

       Figure 12 shows another comparison of aim stability 

that was done by comparing the standard deviations of the 

x-axis deviations and y-axis deviations across all stance 
angles. A low standard deviation indicates that the 

measurements of pistol position from aim center remained 

relatively close to each other throughout the aiming 

process. There is no observable relationship between the 
standard deviations in x-deviation and y-deviation as 

stance angle changed, but as expected, the standard 

deviations for both x and y deviations were lowest at 45˚. 

 

 
Figure 12: The standard deviation of deviations from aim 

center in both axes were used as another method of 

analyzing aim stability. The lowest standard deviations 

were achieved at 45˚ where minimum average radial 

deviation was also achieved. 
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CONCLUSIONS 

       The objective of this experiment was to investigate the 

effect of stance angle on the stability of a shooter’s aim. 
The results show that the optimal stance angle for 

maximum stability is 45˚, with the lowest radial deviation 

of 17.78𝑚𝑚 ±  0.4𝑚𝑚 and the lowest standard 
deviations of 13.59mm and 15.72mm for deviation in x and 

y, respectively. Despite this support for conventional pistol 

marksmanship training methods, the trends that were 
expected for change in aim stability across the other stance 

angles were not observed. This may be attributed to the 

inclusion of deviation that is caused by other human factors 

such as muscle fatigue and shooter muscle memory. 
       The difficulty encountered in isolating variation due to 

human factors suggests that there is much research to be 

done in the field of pistol marksmanship in the future. A 
different experimental approach might be able to better 

measure other metrics of hold stability and better quantify 

the effects of one of the major elements of marksmanship: 

the stance.  
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